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An Advanced Survey of Radiochemical and Radioanalytical Methods

for Long-Lived Radionuclides in Environment (1)
Tetsuo Hashimoto® , Hironobu Kasukawa™*
Abstract

A further advanced survey on the radiocanalytical techniques has been done
for the long-lived radionuclides related to environmental samples as well as to
nuclear fuel reprocessing. As a final contact volume, the present survey is
especially emphasized on the following contents: (1) Each member of the present
committee has described om thé recent domestic topics related to the
environmental radioactivities, which were achieved by the committee members
themselves as specialists. (2) The mass-spectrometric techniques have been
compiled to the determination of environmental radicactivities as promising
methods together with practical utilization of the present methods applied to
®9T7¢ and 2%"Np. (3) A selective a-counting method for environmental samples has
been developed using the liquid scintiliation counting combined with time
interval analysis of pulse events. (4) Finally, background values are collected

and discussed for some environmental radionuclides.
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#£2-1 [CP-MS& a#fZ 7 b A b)) =ik BEFEIKEDORMED
Table A cooparison of ICP-MS and a -spectrometry
Sample NIST SRM 4351 Human Lung"
ICP-MS a ~-spectrometry

Sample wt. 0.18g dry 10g dry
treatment 25wl soln. chemical

{00ppn-matrix {ash) separation
measurement about I m 400,000 s

{about § d)

calculated
(vield: 80%,

actually obtained
{blank subtracted)

Ket signal
geometry: 20%)

Th-232 3094 counts 134 counts

J-238 122 counts 64 éounts

# Certified concentrations: Th-232: 52 ng/g dry, U-238: 8.1 ng/g dry

F2-2 RBEAECIBE P TcOBRBER

IR WIEIN il g
rsu 2% F2niA7a—2H0E 1.5~5.0mBq

kT HOHL s L (n, ¥) 2.9~5.4 Bq
{n, ) 0.3~0.6 Bg

Witky v Fb—a i 25 ~ 30 mBq

FHBEET I X PRk 1.1~1.40 mBq

#2-3 [CP-MS&ilk v F L—va vEICES
BonicREt L HEREY DO ToEE
B (B kg 1)
) itk
WH ICP-MS bea s
IESE SO e A 1 0.3340.03  0.3140.06
{0~5cm) 2 0.341+0.03
T A Y v ¥ 2 R 70.24+5.2 68.1+1.7
(3> 52R)




®2—14

(239, 240pyapE . 00, 8 pe/ml=T2. SmBa/mb)

ICP-MS  HR-ICP-MS HR-ICP-MS
Mg A =% — (USN*1 % L) (USN& D)
DL 238~245 238.8~240.4
MCA F+ ¥ F b 512 50
E—2 =i — 24
HINAYAL g YK
MmN/ -+ 220 B0 s 640 ms
5 | mHE 3200 5
20py /29Py 5 #2 0.256 0.252 0.243
IERfE S 6.2% 4.6% 0.8%
g *3 25.4% 7.8% 2.0%

*UREWATT A, SRARIEE TS & b GHE
ICP-MS 12DV T 3 [ il DAL AR 2,

fti0.241, *3

HR-ICP-MS 2D W TIAAIN R 7 o v i 2 R,

[CP-MS&HR-ICP-MSIZ &k 52 °Pu/?°"Pu Lhill 7 D HLER

#2-5 1 %HNO; % RIRE L IR & 05 FA 4+ itk BIHE
Table Molecular ion interferences from 1% HN03 solution
Equivalent conec.

n/z Probable ion {ng m171) lon affected

28 LRl Fhe 31 28gi*

29 TNt H 6 2egi*

30 14y16g+ 23 g+

31 tagiegig- 0.7 3tp+

32 180, 1492 s2g*

33 18g,1* 45 33g*

34 1801804- 8 348-0

35 teglegly. 2 /ey

36 38ar* 365 e

37 3BArtyY 315 Tert

38 8r* 81 -

39 searty* 76 33k~

40 48pr* 107x103 480"

i1 48ApTE* 105x 103 “1ge

42 4epp2yr 21 12(g*

52 4Bpplagt 2 S20re

54 aBppiayt 5 S4Fe*

56 495r16p* 56 S6pe*

58 Seyi* 2 seyit

76 384 0ar 4 T6ge*

78 I8pr4lpre I T85e”

79 SEprtfarty- 0.1 TSgr*

80 48ppd8are 532 32g5e*

81 49prpdfaptiyy 1 stpr*

¥ Equivalent concentration calculated in relation to response

to 1 uxg/nl of Ce



#2-6 BRI OWTOICP-MSIC L AREBRORE L » (RERLE; 14
YRHRIR=10"7, Sv 757 0 N=5cps . BUIER M D ORIERER]
= 40sec. BERBEAEE= 0.5nf/nin)

Table  Estimated detection limits of [CP-YS for long-1ived radionuclides
(assumed conditions are ion detection efficiency: 1077, background: §

counts/s, total dwell time for unit a.m.u., 90 s and solution uptake
rate, 0.5 ml/min)

Half life Decay const. Detection limit
Nuclide
{year) (s71) {Bq/ml) {pg/ml)

Te-99 2.1x10% E.Ix10713 1.0x10°4 0.16
Th-232 1.4x101® 1.6x10718 1.5x10°¢ 0.37
Kp-237 2.1x10% 1.1xfp-14 1.0x10°° 0.38
u-238 4. 5x10° 4.9x10"18 4.7x10°8 0.38
Pu-239 2. 4x10% 9, 2x10°1'3 8. 9x10°4 0.38

F2-1T7 ICP-MSIC X BRETORESRICEHT A EREZOREX

Table The efficiency of the measurement in [CP-MS and
involving parameters

{counts) = Efep X N

where
Ejcp: the detection efficiency of the ion
N: number of the analyte atom introduced to the spectrometer

Eiep = f5 X fi % fi" X fp X ft

¥here

fs: the efficiency of the sample introduction 10-2
to the ICP

fi: the degree of the ionization = « 1

fi": the factor concerning the generation of 1
doubly charged and oxide ions

fp: the efficiency of the plasma sampling 1072~ 1p"!

ft: the factor of the transmission through 1074 ~10"°

the lenses and the Q-pole
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1 ppm Pb, R = 2200

300
250

200

(mV}

150

Signal

100

50

[N NSl RS NN NS NS NN

ot

T rrTrTr i rrrrrrrrrTTrer r r 1 rr1]

s 8 490 10 494 10° 4.98 10
Time (sec)

[y}

H

4.82 107 4,86 10
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3H concentration in blood samples collected throughout Japan in 1989-90

3H concentration (Bq L™)

Location SARD
FWT oB7Ta

Sapporo City 1.9+0.2 1.8+0.3 0.98%0.18
Aomori City 1.410.2 1.810.3 1.4%0.2
Sendai City 1.610.2 1.320.2 0.86+0.23
Akita City 1.1£0.2 1.3+0.2 1.1£0.3
Fukushima City 1.3x0.2 1.1x0.2 0.84+0.27
Mito City 1.1x0.2 1.120.2 0.9320.29
Musashino City 1.5+0.2 1.1£0.2 0.70+0.26
Yokohama City 10.£0.3 4.3+0.3 0.42+0.07
Niigata City 1.4+0.2 1.0£0.2 0.73%0.27
Kanazawa City 1.320.2 1.4%0.2 1.1£0.2
Nagano City 1.8x0.2 0.73%0.23 0.4120.34
Seto City 1.540.2 0.75£0.23 0.511£0.34
Kyoto City 1.120.2 0.86+0.22 0.8510.29
Osaka City 2.2+0.2 0.88+0.23 0.40+£0.28
Tottori City 1.420.2 0.64+0.21 0.46+0.37
Hiroshima City 1.7+0.2 0.76+0.21 0.44+0.31
Matuyama City 0.80+0.22 0.68+0.22 0.8510.42
Chikushino City 0.85%0.21 0.76%0.21 0.90+0.37
Kumamoto City 1.4%0.2 0.90+0.22 0.63+0.28
Kagoshima City 0.7440.21 0.84+0.21 1.120.4
Vean+SD 1.8+£2.0 1.2+40.8 0.78+0.28
Excluding Yokohama City 1.4+0.4 1.0+0.4 0.80+£0.28

Sign = indicates 1 SD of counting error.
a Bq L-combustion water '
b Specific activity ratio of OBT/FWT



#3-2

198BERIC PR HIR TAHE S B KM RO HIRE'Y

Tritium concentrations in unpolished rice samples collected in Akita
Prefecture in October, 1988

Water 3H (BqL-1)
Sample  content SAR
(%s) FWT 08T
Al -1 20.3 1.410.2 0.89+0.19 0.62+0.25
AL-2 20.1 1.340.2 0.85%0.19 0.66+0.27
T1 14.4 1.940.2 0.7120.20 0.37+0.29
O-1 20.5 2,002 1.3 x0.2 0.64+0.18
0-2 18.6 21£0.2 0.9410.20 0.46+0.23
0-3 18.3 2.0+0.2 1.3 0.2 0.67+0.18
0-4 229 1.940.2 1.1 £0.2 0.60£0.20
MeantSD 19.4 1.820.3 1.0 £0.2 0.57+0.12
% indicates counting error.
%3 -3

Tritium concentrations in some European foods imported to Japan

1987-804FIc T — O v/ ih SEA S AESE I Hgm 9. 16

Sample Production Import Tritium (Bg L™
country date FWT 0BT SAR
Vegetables
Endive Belgium Feb-87 52+ 03 46+ 03 0.89 + 0.08
Nederland Sep-88 36 03 34+ 03 0.85 + 0.11
Shallot France Feb-87 0.9 0.3 0.9 0.3 1.1% 03
Sep-88 1.0% 0.2 13 0.2 1.3+ 04
Chicoeedetrevise [ltaly Feb-87 17% 0.3 1.9% 0.3 1.1 03
ltaly Sep-88 34+ 03 35% 03 10 0.1
Leek France Feb-87 0.84% 0,29 058% 0.29 0.65% 042
Celery root France Feb-87 36+ 0.3 3.6+ 0.3 1.0+ 0.1
Cheese .
Camembert Denmark Feb-87 2.0+ 03 1.4+ 0.3 0.73 % 0.19
France Feb-87 29+ 03 3.2+ 0.3 1.1 0.2
France Oct-88 21 03 1.2+ 0.2 0.6 0.1
France Dec-88 3.0+ 03 33+ 03 1.1+ 01
Japan Feb-87 1.8% 0.3 16+ 0.3 0.90 £ 0.23
Japan Dec-88 1.3+ 0.2 1.9+ 0.2 1.5+ 0.3
Danish Brie Denmark Oct-88 16 0.2 2.3+ 0.2 14% 0.3
Brie cheese France Nov-88 3.3 0.3 40+ 0.3 1.2% 01
Cheddar UK. Sep-88 1.4+ 0.2 1.2+ 0.2 0.9t D.2
Pizza W.Germany Nov-83 1.1+ 0.2 1.6+ 0.2 1.5 04
Edam Holand Sep-88 1.2+ 02 1.3+ 0.2 1.1+ 03
Gruyere Swiss Dec-88 3.6+ 03 33+ 0.3 0.9+ 0.1
Samsoem Denmark Dec-88 1.4+ 0.2 1.4+ 0.2 1.0+ 0.2
Spaghetfi Italy Feb-87 0.60x 0.27 1.8+ 08 3.0+ 1.7
italy Mar-87 1.3 03 1.4+ 0.2 1.1 0.3
italy Nov-88 0.1+ D3 0.8+ D.2 15.6 + 75.1
italy Mar-88 - 1.5+ 0.2 -
Olive oil italy Jun-89 - 0.8+ 0.2 -
italy Dec-89 0.8+ 0.2

FWT free water T, OBT organically-bound T, SAR specific activity ratio of OBTIFWT



3H concentrations of diet and human soft
tissue samples
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Mean free water *H concentration of diet samples
collected in Akita City during 1985-88
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Mean organically-bound *H concentration of diet

samples collected in Akita City during 1985-88
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Mean organically-bound H ingenstion of diet samples
collected in Akita City during 1985-88
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FWT concentrations in diet (1985-1987) and human tissue
(1986) samples collected in Akita district
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OBT concentrations in diet (1985-1987) and human tissue
(1986) samples collected in Akita district
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Sapporo C

Aomori C.

Sendai C.
Fukushima C.

Kanazawa C. Mito C.
Tottori C\ Musashino C.
Hiroshima C. Yokohama C.
Seto C.
o Kyoto C.
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Kumameoto C.
Kagoshima C.

Sampling locations of blood samples taken in Japan.

3—9 1989-90F I S Nic MR OGS

FWT (Bq L)

30 35 40 45
Latitude (degree)

310 2MmEE RIS & Bk H(FID R




N

mdh

OBT
(Bq L-combustion water™) -

30 35 40 45
Latitude {degree) |

3 -1l 2MEABORIMSEEFB—ESE°H 0D REY

o Blood OBT
o Precipitation

2
p
i
o
a

~ 1

0 .
25 30 35 40 45
Latitude(degree)

3—12 1989-90ELMAR OB SR H (0BT) B2 I & 1/1986-8TEE 7k
SHiERE®



OPrecipitation © Diet FWT ABlood FWT
BTap water  eDiet OBT 4Blood OBT

s 5

i

S 4

©

= 3

o

Q2

S 1

T

<0 -

1980 1985 1990
Year

a Bq L-combustion water ' for OBT

X3 —13 REOKHEEIZBY ZRER HgEY -7 P 1. 2

Precipitation

Ground water

|

River water
{Drinking water)

X3 —14 ANKDOEFILEY



Tritium concentration in drinking water estimated from
precipitation and tree ring data
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Single compartment model of OBT taking into
account of the compartment growth
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iMeasured and estimated OBT concentrations in costal
cartilage samples as a function of age at the time of
death
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Measured and estimated OBT concentrations in sternum
samples as a function of age at the time of death (1986}

+ Measuredi

OBT (Bq L)
[#%]

0 20 40 60 80
Age at the time of death

3 —18 FELIHMFHOBEE L TORETEREST HOBDERE, K3 1607
Mk BHEEM E FERlE”



4. ICP-MSIZ X B°°Ted ik

4.1 ICP-MSIT &k BilgKFD  TeD 5T

M, ICP-MSIT X B REFBHNGHEMBEO MRS IN T EA. CCTIREEN
FF L 7oK TeaiiRic W THEAT 5, K4 — 1 I >0 OEHERTEIC W T
1 mBy DEGAEES TNICHHIGT 2IBROBEOREFRERLTWA, [CP-MSICL 2HERR
Iz 1pe/mbed % & FRIN 0T EL LOMEHERIE L 1CP-MSIC L BAIELAIHE &
Bbh b, H->7T. KA 4 TED TR ICP-MSABIETE S 2 LT 3,

41.1  #EKFOPTcOFHEEY

BIKPTTF 72 F T LEBT I XFTLBAA Y GTHD &LTEELTWEEFHE
INBH, IOBT 7 RTF T LBRA A R EENYERNRIGERZ LI EM S, Z0F
FTRENT S EEFELY, £/, BRFOVTRERZ DO TE VD, 1CP-NSO#
HRETH 5 1 0g/nlDHERH B2 ICERBOEBKENET ZNENE S, 771 F
7 LEETTIREED 4 i CIRREENET e, THOTF 7 2 F 70522 LT4liE
LIKBRILERIC R I E 2 FEZER Uic, #K]1 LI 2WTEE 100ng GE(EE ) &
OEMEA Y VLA Lg ZMAT 7R F I LERTLUT, KEELF MY T LTHE TS
EIKBRIESRAN YT 05, 77 2 F 7 Lidgkic kb 35, (EBRAEER L TR TIEMR LT,
FLOWEBKEMAS I COEREY VY L2MITT 7 2 F 7 L5258 L. BUOKERL
GO EAED 7 7 R T LEFKEIH S, COBREEZEIETILCLDREIUEICTZ
RFDLERETHIENTE S,

4.1.2 °°Tc D4yEErEEL®

[CP-MSAEZ1T 5 £ TOAM O FEEEEEER 4 — 2 ITRd, LT~/ FkcaEy
U7eKBR{LERIZIBBRIC ISR U 7R, BRWKRTT 7 2 F 7 4% T HiCEELd %, BR(bAY
%%ﬁfﬂﬁkﬂ%%ﬁéﬁkﬁ®ﬂ%%ﬁiéoﬁﬁ¢m%iafu5%7%%bAﬂ
BM AKEE(EF b Y 9 AEERTAFVIF IS b ik B oa I d 5,
BHECRREE L T 1IN HRICEBERBREICHER U er A L Bi#iigsichid 5. 7
73 F T LIECRESNG, MBLIBHERTT 7357 LZEHL 2R, ISICEBA
AL AHAIE TIREIT 2, RREE Uik LM iR s UTICP-MSRIEZET 30




4.1.3  ICP-MSIZ& 3" TcoDilllzE

fER L7 ICP-MS (HAl. PMS-2000) ZEEFREZSHET 2 &R TEXRV A, n/z=99
WKE— 7 2O ETREAGET 5. £ — LIIRT LI, LTI ARKREEROD
ERLENI2. TR FELTWAIONHET 2UREND B, BROZ Y v 7 ZAHED & 1CP-
MSDs3w 7750 o NERECBRREBIENFTL — 1 KDDHI B, HESFRL DLy
7759 VEEABIEN O, SEHREIEEREEZPOICHAILTTVS, 77 X<
BOTHARTHAICHIo T, LM M) v 7 ARGRINTICRHEINATHE &
D BERBEPRBEOT ~ 7 IR oD, €Y 77 L OKRERIC &L 3 EEHIO~D
BABEZEINGED -t 77 7T OBRERL — 1 K&EDLETRITH, B2BWAF
=7 ADBREZFBEIN TV, EEKIOIDOFFKESE" " R Bz&k (17%) 1IcX3 D
DL LT, BRMOOHEEN S TeDFHEEICHLT 55 EZ LI HEET->72 b0
EENOHITR LTV S, BIELAHRERYDREDDTELS . LOFETLF = A
DRAEBIETZ B L bhd, BEIOHHENIrSBEB L -7RETZ 71tk B
VT = LORAIL.6 ~6.Tpg/mb TH -7

4.1.4 RE#EKRFDO T

BRI OB FE B KEE RERFT TR L /iRl OV TeBEEZER 4 — 21
T o BEBLICHEKIZILI ~2.7 b T 2" Teh SRS ENRIZFS0%TH - 72, B
BEIAEECL] ~T7.4 pBy/LOEMATHY ., REEKPO  TCEBEIM uBY/LEEZLS
N5, —~RERBEOVTCRIEEREETH D 1960FEROZERIC L D R ITED - 7205,
FRFHHEBEFROERBESBREEBERICEEIED  TeABEEINTEY . BUEBRE T
PERENHHINTWS, #-T =0 v/ 3074 NT v FERETI—HRREL D
BRVWEEMREIN TV S,

BRI ERF R OBEEREASHEE L T 50, BETTORENSEVY T &~
2 MY 7 AT B SRR T CETREBICAIETE B, [(P-MSD/Xy 72 75
7 v R 0 PRESIEBICENREDT S EASEEPDO T PIORIERERTET
BB, IE THRIEEAEETITON T X BRI EHEETE DS S5 12 ICP-MSIc &
2 TCEDLBETHAD.




4.2 EHORERD TeDA ik

1.2.1 FEHEETIXERBAWER (LITICP-MS) 12k 5" TepthitDER

"ITCIZRR S FICP-MSIC & A R miat il At o =i, (DEWREEA & (2)
AEREOEMH IS S5, £, BELLBE3LAEORFEBHGEEEOEEHN AR
W BIARE, w5y, MY TL, PN LA R TV ZTLIERE) I EMNICP-MSOFIH
12 & B EREHSSEEEO ST EFFERLOLLTHWEY . bbb, [P-MSD/ Ny 7
73 FREBEEMEMIC 3 3EEL 250 T, BXEHIMEEZEIZHEXIANICEY
Wy 275y FTHMETESZ LIS L. Cho0REEIBEEZEICAEE
ETEEMBENBEAEFELEVWIE GBS TS S, UL, BEENNTH ST
7 2 F 7 L ICP-MSTHT T 3186, BILEEK 9% boNT =7 LOKERAMA 2. 7
%) PEELTWAIEMVREEE S, BEFZSHE L THETEAWERIRDICP-MS=H
BT aEDIE. LT A0SR ETOIMERB~NDEAZ TE AL ECHIAXQ
BT SV BIZPITeD LRV EW—RIREAB O TREREBOL 727 LD
BALKEWEEE 0T THA I, fi>Ts [(P-MSITL B TeOREIET 5
FTCORLLT I FF I LE LT LOIESHICE L OB HEH->TWB,

NI K L — DRI — S BT S B b, N— S EMETERLES & T
nid, X—7BERE T 5 NP OUERH~ORARBUNEZEFT 5, 7P T IV
T rRBOBEELRRED IR LF—FRNTERWR—FHRAETE, oM CHHEHESE
SR TR ST D EVBETH B, (ERD SRRAEIC L B TeD 3T TIIAEHE
@m%;@Aﬁﬁﬁféako:nmw%;vAmm&ﬁﬁ¥ﬁﬁ®Em”Wuaamm
BABBIEE, MFSULET I AFILRAKRTEE TS BDMMNE LW &)
HTH 720 Ty N=FRAEICE B TCORFTREELT =V LEF v ) T—L
LTl L THREMEL T =7 ADZREETT > TOBIHEAE WV, UL, ICP-MS itk 3
PTeDAFTIRNT = LOFEBHFHI B L LD E T AH, [ROX—FHICE BHIE
LRECENBETHS, Ll ICP-MSITL B TcD SRR/ » Tk, X—
FRAIE DT DI SN R 2 SBEHEL T = 7 LOSBENRBE IR - TW 5,

PIT. BolfE s TV B ICP-MSIC & 2 RIEFD TcOMTEEBNT 5, —BEET
D TelT1950FE R SUERBIEIITON A ARTEARERDO 7 + — V7 7 MERDO LD
&, BREEABRICHEVCEEAMEINcb0RD B, ChETOHELEHTEE. B
MUEHER D S XN T B A T BNEVERIE LV ERRIC L bo &,



HEBOT +—ILT7 7 XA EHRIILIBDONS B,

Ihsanullah& East®:® (Raw FF v NKRE) 1d Sellafield MBI EIEERED
DE=SY v IEBHE LSTEERSE LT3, HirdRariaEd., Bk, HiET
BB, TNENAMLEET - foR, BIEMHERE 1 A4 LR E A EbE A RET
REEZT->TW5, Mot T= T L0HEE R E LIt LTRSS 2 A,
H250.4-NaOC LB THNEMR, CClC X ZIEMMH, HS0,-HCIRTD Y 7 andy/ vick 3
EIA, H250 2 SOTI0A- + ¥ L iz B A A DL T =0 LRE
DRTy TERRLTWS, £ LTEETERLEEFOVTCREERE LTS, L
ML, — BB T YW TIBICHRHRRE R ICEE > TV 3,

#E Harwel 19F5ERTDNicholsonH® (E Sellaf ie MBI BB EAROE =5 Y &
7EBHIE LB ERELTVS, £HEIRS0g T, ARKIZB L ETEHFELT
W5, 5 IATBP EMEKIC & B %17 » THEBEBE L T3, BB LASTEICE
DOWTHBZME LI ED [CP-MSICBI 3/89y 7 750 RE—ZZRmUTWH B,
BT — & DEBILE N,

—Eﬁﬁm%ﬁﬁ%vA@umma;%ﬁﬁﬁammﬁ%%m$afﬁﬁ%nﬁbm
mEIhTV3,

BAD 70— 77 13 [CP-MSIZ & BT, 299%2 1Py, 3" NpD FiEAEHE LTV 5,
BT DIcHDIT =7 LB DWTHRETEMA . Ho80,HHFFRD S DTBP-F 3 L
BH. B 7 3R LRLO:FRMSD Y 7 anFH /) ok 2B EIER LTV 3,
OPETER L/ LB OO TICP-MS E RO AR L D IEESHERDTVEN, F
HHEODERZBRLS R LTV, (EROX— 5 HRAIE TIIREBRLT OEERE ORI
FIZOWTHICP-MSIFEERWEREE5X 7,

HEARFO 7 N—7 Y g LR O R BN O Sk EHE LTV 5,
T 7 R F 7 LERAE U o LR BRI B4 A V3K, K CO R DDy 7 anF
Y AT K BIEEL TR L TICP-MSE1T 9o EHED LEIT-D W TICP-MSHE: & LSCik
TRV —B LB REE TS, £/, EEDSel laf iel diB BUERREID
FEICOWTHTET > 7,

REFD 7 N—71 3 LEREHO P TeHrEEHE L T 5, LEFIGF 7 % F
U LERINT A2 AEE LTERFZHER LSEMREFEREL TS, 50 CH500
BT 1 WRELIE Ui B3gs %, 5| SR S MRSRFCOR0E T 3IBIMAML 77 X F ¥



LETe 0 & LTHEIE, TAAVEBERCERLTWS, ZLTy7andd/ vtk
BISHHHTREEE, [CP-MSRAIERT > TV 3, IKARLFRETIERM L 228> T
PTCBEERE LTV A,

FUNKZED 7 N — T E— AR RD P T MEERE L TW 5, #@AKHPTT0,™ T
BETBT 7 2F 7 LEKS0:; TELT 5, £ U THKIEFIE LU TA fo8k%0H 9 TRER(L
& LTHBIEERLTWS, TO%. MEKIZ & . f84 4 288, BA A~
I THER U TICP-MSZETT 5o DAEREBKPD  TeREIIOWTHEL TV 5,

4.2.2  ICP-MSIT & B " Tes i DRUE & M HHRA

[CP-MSIzH1F BREBBAEMHERICL > TCRUBEEDO L THNONTVE LS T,
AP THEICRHBER EEHSN TV ARETOEMICIER TS L E3TEEWEEDR
3,

DTeHTICRIAZI N T WA —BDICP-MSIZIE & A SHERETH BHN. Kin 51V 132
BRI DO ICP-MSOFIHIC & 2 RERPHEHEZBOERERBICOVWTHRE LTV 3,
ZEHREIOICP-MSTRFELEEICERT 3 AR PLOELRDEVICL B THIRR%E
BT, FROICERNT S 7+ b UorRESBICIET B RS EL TRORWEES A A
UISREBRFTNWD, E-T w2750y FOXKIBIETHEHEFEINS, /2. &0
ZL ORBE S X<HICBAT 57 DBHER 77 FEFRATHIEREBEREZT IS
CENTED, HORPPTCOBREBRICOVT, ZEPCEE® [CP-MSEHER LBa,
0.23 pg/mf(0. 14 mBo/mh) EMEL T3, £ LTBEH AT 51 FEHAT S L. 0.008
pg/mf (0. 005 mBa/mf) F THRHERNTHSE I LZHEL TV,

Momoshima 5% (ZICP-MSITH U BHMHBHALROXTERL TV 3,

K- J/ BG-T

RIER = - C
(A—BG -T

NG
BG W8w 7757 v FEEER (eps)
A BREC (BIZEpe/ml, Bu/mh) DRE v 57— VEBERIE LI L EOFHEER

(eps) o
TIRAERFE (3) o
KIZEHERR R 2 ko 5 %5




CORUTL B ERUBRAEI NNy 7757 0 R, BIEBRRUBRHBEETEDLS 2 &I
b, MHBERBREBEOCHETHHEBIEDLD I ELDTHD., £, Ny 77550 Nk
BOEHBDOEEESZT 5. PR, ERETHEE2AET 21548, BEEOEWERECELY
DEOEBEZAE LABERICE Ny 7759 N ERT A EMH B, ERIDICP-MS
(PMS-2000) THEEIH R 75 1 ¥ LT ** T MIE L7354, B6=3.8cps « 0.98mBo/mldd
P TeDRERENA=20cps « T LTT=20080 & L7IBA. K=3THE SN A MIBMBRIZ0. 024n
Ba/mb&73 5%,

Suniya s ' (&R D ICP-MS (PMS-2000) THEE & 7' 1 #1 & DIBSORHIBRIZ
WTHEN TV AHN " Teid0. 0021mBa/md TH 5. BHBERDOTEEDHEMIC >V TIIRIFAT
BB
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RKA—1 VT LEE) T7FLORMEEEE &) & ICP-USTD
BEBREERE TS 7 (cps)

m/z 97 98 99 100 101
AT (D)

Ru - 1.9 12.7 12.6 17.0
Mo 9.6 24.1 - 9.6 -
IN HNOs 24.9 13.9 3.0 8.0 2.8
IN HC1 141.8 125.1 18.3 69.0 23. 8
IN HCI04 36. 7 26.3 21.9 25023.4  6872.0
IN H,S0, 203. 1 12130.6 780. 8 774.9 38. 1
RETZ Y 660. 8 1720. 1 10.7 (-0.7) 733.9 15.2
RETI U 1009. 1 2629. 3 5.3 (0.9 1092.1 5.9

AfZ R R HHE [EpR R
1993 #Bg/ L L b
TSU93-1 Jan. 27- 29 7.4 2.1 1390 52.2%x1.1
TSU93-2 Jan. 27- 29 .1 £0.6 1390 44,0%0. 8
TSU93-3 Feb. 1-8 3.3 £1.0 2750 47.1£1.0
TSU93-4 Feb. 1-8 1.1 £0.3 2750 54.7£0.9




Concentration (pg mi™)
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I
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iron hydroxid 3 b
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Solvent extraction
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5. EFREEICP-MSIZ X A1EHME "N OFE

5.1 gk

BHRMBEHEREOAEIC BV TE, BEHEIEL D bRTFHEZEZRAET 3 50 RE X
CBRITE 3, 22 Np (3ERMAN2, 14X10° ELERICEL FA—BEHED LNtk
TEWDIIIDLINWFETOUNERIRETH S, RTHEERNEST 3 HEE LTI,
k& O REEHHARMTE (TIMS) VAEREEDHTEID, BEETI X224 VB
LI BFEFET I XERSIE (ICP-MS) bEFEHEINBLI D, BRES TSN
AlREIS SRS U TRHIANREICEA TN AY ~

CITIRHEESHNICERLDER L TOWANERYND O T T, BUL AL
DZBIREDEEB = b oM EEEICP-MS (LI#k HR-ICP-MS& BT : K5 — 1) Ik 53—}
EETEROME PPTNOREERA I EREETETT,

—ERETHRIHTES 2*MiE. TOREAETNTHATEARERNSD 7+ LT
7 MICHRT B, BAE, 10 PPy S OMEHELLT 0. 3% BEFEELTVWE, ERNORES
Brpo 2°% PUPEEEIREENC b BHIFNC HAE < EFH 0. 1~ 1 Be/kg « dry ) T BH,
fiRic 229 210PyREEA0. 5 Bo/ke +dry LIRTET B & **7Np #EEEIE1.5 mBu/kg ~dry( 0.5
Ba/kg + dry X0.003) EHFETE S0 affAR7 bO A M TORBEBRIZMEFINEET0%.
MEFOHRAZNRE30%, AERFEZE10, 0005 &9 2 &, 0. InBa (2FHE=10/7 > 1)
&b, #-Ts 0.5 Ba/kge dry @ 23% 'y S 4iEho P TNpARIE (HIESEEI0
%) THBAIIDILL L b T0g, BRME E B E=100gUBITH 5, |

—7%, HR-ICP-MSTRIE T B IBAICE. EDEDITNBE55h, —BEERCIEEY
2ITDOZHERL " NpDARDT, HEFBICLBRAR MOBETHIIE, LRI Tik
& LT MO* MOH™ MH* ArM* 7Z& Dpolyatomic ionick 2 F&HEZ SN BH, HR-1CP-MS
THIDEIBAF D oDHEBRIFIZ TS, BLEELZETILE S, Bt
i B3TNp & EETHEBREL NV TR 2.5X 106 (RFEUILTH 5X10%) £ EELTL
52280 #9371 Ba/kge dry) 2% Np& UL O{LEHENRFES TH 5 & BT EEE238
PoBHBET~NDE—7 57— Y IHBEUBAREMRTH B, 2 TMpEATET A0, &
LTe b w7 ZABRERSDIE T E DI EESBEZVETSH D . BRAIERE GBS
IM N0 s L CHWONE) HD2EB 4 ViBEE100 ppt DITFICf X X 508N S
%, Np @ 1 pg WHHKETRE TR T L0.026 mBg TH B,



HR-ICP-MS T2 NpZMET BBE. FFHRDICT NpOREEEEET BHNEND 5. &
EHZUPThAIEICHW D L ZIERI UEW R5— 1) TT. BEERT 7 ¥ —%EH7
B EI L, AW TNp DR (IM HNO,) (3ERED 3 T Np i THF X 4150, 01~1. 0
g/ mbiBEREEA TS, B5 ~ 2 IB/REEERT . AL Np DB EH TE A
Boh, Lrb0mzBE3l EEHA L, RERNSIE. D E BRAIELZ0.01 pg/ml
F TRIENTEETH 6, 4 ERAIE T 15% AN ORBE TOREN T FENS L~ 130, 025pg/
nfEE & RiEH 505, HR-ICP-MSTHIE T 2 IR0RBEROERE, SENEE L2003
BT HIEIC L, -, (LFERTONPEEB0% (ZHETONTTERELLZTETD &
T5&, AWaRAKEhDLe PTNpERET 0,025 pg/mdx 20 mfx 0.026 nBq/pg X1/0.8
= 0.016 mBa& 78 B, ERELACaf@ AR bt bY &S &, HR-ICP-MST X102 Tl
EAREICIE B, LI LD & 2B E 2 TEBROBRERM., & L TSR "NpoiriEEi
L7

NoAHHEIC DWW T, TTIRafB AR box M HCREELIARENS AY . 045
#ra TR OWTHE, #EohOERARERL T/ ORF = v 7 21T, BIFLEELE
T3, FICUDKREICESEIIAOITED ., UDRRGEHORIE>10° THs, 5 — 3
W FOBEERT, SEICOSGFEERPICRT LSS Scheme 1 « THXTMICHITT
Z DB LERS/z, ERICH/->TIR, © b v 7 ZREEORFT B DI EROR
ERE. TEERAVWAIENREBTH D EEL 0, JITR. P INDREEEOESE R
BOAFPEE RSN THRW) ZOT, affZAR7 hodt M) —THIE L7 @R
D—BEEEAAWS Z LI Uiz, ZORBO Np EEIL 2.4% 0.7 nBo/kgedry (92
= 27 pg/kg « dry) TH 5B,

55 — 412 Scheme I B VI THHT « RIE L/ckBRAERT, Schene I TE/22Np (2B
FaffARY boOd b THRAEREIS—HLTWS, LML, RHEBRL L 7Schene
MTHE 2 EL OBV NBENE O NI, BRHCHIE L Np& P UD A A vy
MZ&EEBET S E Scheme I TD 238U/ NpthiZ1000EI FTH D, Scheme MTHOFDHIZ
4000~6000i27E > TV B, COXI MBI EL S NpEFET BIRITR. D & H282 U/
23TNpA4r 7 v P HZ1000EA T IC{E T 20BN D 5 Z EMEF S MTTE - 72, Scheme I ZFW
JHERIE, RS FOA R Y EbES—B L, % U/ Nph Y Y b HAL0~30E T
Ao, BlLEKDWERENMS, TD HR-ICP-MSTid *°* U/ "NpAr o > MELTIO00RI T I
UZBRET ZHEND D, Scheme T T10gHHEDOHEM D 6 P NRIENRFARERETH 5 Z &



biroatse SEIE. 2 Np& RS89 210Pu% q @ AR b A B TN LS8 L
THET A E%2EZ, P YRR EE L CBET 2ooic@ B 240gaiB VWA 2 &L,
£.071:% Scheme I'THITEZEM L 72,

5.2 J5H
— BN T O N OERE & D EMICHIRT 5700, 290 2Py e L CRIES
NT&RkE I BETROBENLETSH B, KAENEEBRERD 7 + — LT 7 bSO
287N/ 290 2I0pUBEEELL S LA —E L BT LD BB 30 POTNpIE PP UR P PuoR
DRUYBW L D LKRBE L LIFTh A HBAREIC X - TECERINBEEL DNTW S,
ZOELHRIEELITOLBD TH 5,
2387 (n, 20 )2 U~ 2°7Np
20, v)(n, 7)ETU~—~ 27D

HEAEEIEIT B B U5 (0, 20/ ( v) RIBHIZ0.5 ~ 1 SEEI RT3,
Z ORIz Py, P AR L TR BHED P NpA D B BEEOBS LB
0. 05%F2% LSS NT WV B7A% B RAET~NTENICEELTLE J. 2 NDE
BEOBEIER SR > 77 — 7 hME— Holnb® 1o & » THES TN B, 1 51bKT
FFHADRERET BlicheniTo2WT, 1961~1979_$F’a%:§%ﬁ2 L 7cERBDOFEEH D2 "Np
%230 200Dy 45 3 L HUTHITE LT, FOBEBEEE S — 5IoRT, PBIN5E LD CRBEE
@74+ -7 METRAE — 7 D1965~1966 IRV X iz, 297Np/2?% 240y Kot
B4 0. 0015~0. 004DRBETZ® L. FHEIZ0. 0027% 0. 004TH - 72
SENZENOKE, HE. BNIT1959~19804F ICEHR L 72 212~ 16cnO Bk H 18
R TNpE T X B ERICHE L. ERBOBENEHORI £RA 7, FIlLALS
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#5-1 HR-1CP-MST®D** " Npifil iE 5

JCP-conditions

Rf power : 1.2 kw
Plasma gas flow 14 l/min
Auxiliary gas flow 0.5 l/min
Nebulizer gas flow 0.5 /min
Solution uptake rate 0.5 ml/min
Mass spectrometer setting
Sample orifice diameter 1 mm
Skimmer orifice diameter 0.5 mm
Interface running pressure 1.00E-04 mbal
Mass spectrometer running pressure 3.00E-06 mbal
Data acquisition mass range 236.7-237.6 u
MCA¥ cannels 50
Dwell time 640 ms
Cannel for one peak search 24
Number of sweeps 5

*MCA, multi-cannel analyser




#z5H—-2

1059 — 8O I HRER L 7o 7K EH 380D 23 Thp, 239 240Py, V37T (sl ERE R

Location  Yéarof Sampling Dry Bulk Content Aclivity Ratio (x 100)
Sampling Depth  Density Np-237( £l1a0*) Pu-239240( =10**) Cs-137( £1o**) Np-237 Pu-238 Pu-239,240
(em) (kgil) mBgfkg dry [mBg/m2) Ba/kgdry [Bg/m2) Bo/kg dry [kBg/m2] Pu.239,240 Pu-239,240 Cs-137
1959 12.0 0.8 082% 005 [ 81] 036+ 003 [ 36] 24 [ 29] 0224002 2107 1263 010
1963 12.0 0.7 202+ 000 (172} 0B +o005 [ 62] B+ [ 62] 028+ 003 27407 09 + 007
1967 13.0 0.81 226 & p2g [239] 0CBxoos [ 771 6842 [ 72] 03l 04 29409 107+ 007
_Akita 1971 13.0 0.81 184+ 022 [195] 066 +004 [ 70] 561 [ 59] 028+ 004 5712 119+ 0.07
(Akila} 1975 13.0 0.81 1.87:4 020 [197] 070 +0m [ 741 513 [ 54] 027 4+ 004 45+ 09 137 + 007
1979 13.0 0.81 169+ 020 [179] 062+ 0m [ 66] 43+ [ 45] 0274+ 004 4810 146+ 009
1984 16.0 0.81 1.66 4+ 006 [216] 063+004 [ 8L] 3B+ [ 50] 0274002 384 1.0 164 & 0.1}
1989 13.0 0.81 157+ .12 [166] 062+ 004 [ 66] 5+ [ A7) 025+ 002 237410 179 4 G.1}
1959 13.0 0.95 072+ 006 [ B9} 048+ 00 [ 59] 0+2 [ 49] 015+002 20+ 1.1 1.21 + 0.11
1963 12.0 0.83 264+ 008 [263} L4+ go7 [114] 109+ 3 [109] 023 +002 37410 104+ 0407
1967 12.0 0.91 455+ 019 [499) 141 - go8 [155] 150+3 [165] 0324+ 002 4210 094 4 005
Niigula 1971 150 0.88 296+ 013 [391) 111 & 004 [ 147] 13+2 [136) 027 + 001 42 405 1.08 &+ 0.04
( Joctsu ) 1975 14.0 0.88 181 £ 000 [223) 089+ pos (1l10] B+1 [ 96] 0.20 + 0.01 56 £ 1.2 114 + 007
C1979 14.0 0.88 222+ 022 [274) 086+ pos {105] 7249 [ 89] 0264003 32410 119 + 009
1984 14.0 0.88 158+ p18 [194] 0584005 [ M) 394+ 1 [ 48] 027 + 0.04 6.0 + 2.0 1.47 £ 0.14
1989 12.0 0.88 166+ 013 [175] 066+005 [ 70} 4B+ [ 46] 025+ 003 42+ 1.5 15 + 0.14
1959 13.5 1.07 078+ 005 [112] 033005 [ 48] 27+42 [ 39] 0.24 + 0.04 1.21 + 0.21
1963 16.0 1.05 222+ 010 [374] 055+ 008 ([ 93] 6742 [113] 040 + 0.06 082 + 0.13
1967 16.0 1.05 261 £ 020 [437] 065+ 008 [108) M4+ [127) 0.40 + 0.06 0.85 + 0.11
Ishikawa 1971 150 1.04 211 08 (3281 058+oc8 [ 911 602 [ 94] 0.36 + 0.05 097 + 0.14
{ Kanazawa) 1975 15.0 1.04 22T+ 000 [354] 074+ 010 [115] 6B+ 19 [106] 031 + 0.04 1.09 & .14
1979 150 1.03 176+ 012 (271) 085+ o008 [131} 0492 [ 77) 0.21 4 0.02 1.69 & 0.17
1984 16:0 L 151k 012 {248 057+ 005 [ 94) 4+ 1 [ 73] 027004 128 4 014
1989 14.0 0.70 039+ p07 [ 38] 020+ 00 [ 20] 12+ 1 { L1} 0.19 + 0.05 1.74 + 032

The Cs-137 values and the Pu-238/Pu-239,240 ratio were decay corrected Lo the dates of sampling.

* . Standard deviation of 4 limes measwrements,

% : Prapagaled counting error,
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Concentration ( Bq / kg dry soil )
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6. ks v F L— a VEHIIEEROIOHE o REHERBERE O ER
— 7L ZEFREIRIRAHTIE T X 2 RRBIIKEOER ~

6.1 LIz

Bk Y F U~ a VEOBRE. o RBRBEERIGENC BT, SR B
DaEHED RN F—ERBTER . ZITRFHLVLHEEL LT, a8
oV ADFERE LG L. ThOOKERREAHEFMEL, 705 L VRERDG S
) fbot — 7 OB, L RER A BRANCHHETHIT 5 2 & 2R AT, REFORAIEDR., /3
WAREIER 7 7 A NEF =SB L, 5 V5 LHEE (RVWHGOBEP Sy 77770 F
E2ET) HEO—ED, IV AOKEBREARC LRY LRECHEESR (—ERRRT
AN aBET AL 51 AHEEBLILNTERD Y,

SOV ZDERERE 7 — & BT 2. BENEERETEL DU L ASERRERRAZT
EEEA LAY, BECRWVEMESMBERE b/ 5T &%, UTIELCEARE
R ELEIC IV A= I ab—Ya Yy EEBRTHOMNI LAY , JOFREE.
BRI AT OHETH ATine Interval AnalysisOBEXFEMNSTINEELBEET 5 &
T Ltze COTIAKIR. T4 O a BEHERREARET 2/ OV RERN S, b U LRINICE
T %2R0 ()~ Po(a) > DEFREEEHEFRE L CRBIAE A, E&LTHY D
L& S5 RRDHN 1L B REABhOBMET| OB S & BEEREOBELRRED ~O
BHEPETRIAICEL SN,

2T, BRAKPERILBYITD M) Y LRFICET 522 RaP? S ThORIE R, TIAET
17220, IRWT, 2373 TO/ILVRT — FBBEEHN 1001 7a®) (373 98)
BETHLIEICEIX, JCTHRELATIAEN N 2 LRZPPADT 7 F =74 (*'1°Re
(a)—=2%Pp(a)—>) XY= LF%F] (P2 Fr(a)—=2""At{a)—>) HROEFEETH
HERWEETH 5 I &%, ERBICERMICHER LAY . Btk ERxcE&Es &, kit
MR DR OFHIE STV 2 Po (HEiEHA : 145ms) < 217At(32. 3ms) < *'?Po(1. 78ms) DIHIZ
REBRVEC D, COFCERERSBRIETSE 5 2 L2 ERINICHNO/IY P

RRBEEERERRD a i FORRNF—T4~6MVTHY, &KV FL—asf
@%%@Emomfﬁ\memmwwsﬁl%wﬁ—umﬁtfﬁb\:neaﬁ%WQ
RS U F L=y s VIR BREHRIZECRINGRERETE 57:0RIF100%6 & FEAZT
e LOLIEAS, BROL 3 IOy v F L — 2 3 VETRIEIBEHRO = 1L+ —
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SREQETRNEDENI L LEETH D, ThWA, aliHEo T xIL¥F—0HRR,
INETORBL >V F U~ a VIEKTHAARETSH S, LM LA S, EFE, iklky v F
L= a VIRIZOWT AT RVF— IR T PIDEEOSENTONTEY, BldT3LD
WRREEZTO o — 7 2 HBEICHBTE AL -TETWAEY,

—7 a & BORFIGEEFHNE (PSD, Pulse Shape Discrimination) IZ& » TRBIF]
REAS 7%, IEERIRHRO2 a & SEBEEOFMIIESIE > TE TV B, 5k, BELK
BEEHEHERIIEE LT, By v F L~ 3 VRO TRIIBEERSH 5 & & b,
BHREEZEEL Ty 7759 v FEERS G570, (LESEEE U TRERbSEEs
BH LU HoPSDIEEGER Lo hk BT 2 X5 icBbhbin 3,

I ITORETIE, » VUL RISRRREREEZ. 7 7 L8R - BESREERERS /I
WT, TEREY, BETEY, RIEHEICL 3ZELEDUA S, ERMEREN SR L, Bic,
HOMOEFIERICL D COHBMBTEOE L SAME LI, ROTHEESELT
QU A 5 i DEEHEE A & 5B O DIBEERFITO. EEMIZEO HRL R
PEEZHEOEE~OERIIOWTERT 5, BiCid, PSIEQEEE CNETIRB LN
a & BROFR, BREEL RN F—BENE ELIEEY v FL—rarhdbDalk
BHAD AR YT bIb, BEITIIPSDAIERICE S Nl e iBOAD 2R P LI WTE E
b

6.2 IEIERRERTEOFEE & EhRiE R

I UBLITOEFMRIEORE L, REIRSERE (TAC, Tine-to-Anplitude Converter,
TENNELEC# D # ¥ 0 7ic K B & 7Ry — LVEHT Snsecd & 3 msecfEO B EREE LB T
E5LELHINTVAS) OXDICRHRUEFEREZERL, 2 DT V5 LERZDLET,
—EDREERTE Z 28 - RBZD X 5 THEFER T ERICHBRAET 2 2 L icEou
TWde L LS, HPPoD & HIC33 VA —VEIPZhiL D ROVEEMEE T 5
BiionwTid, #47 LHBELAEFERESFELZVOALZ ST, HHREUAD Ny 7 7
FU YN (BELEMOBRRICHRY 2 bOMAEED) OHFSHAKREBY, BELEH
WEDADFTHENRHE TS 5, CORRERZT 72D/ =/ FINIA LV E2—FD/3LR
REBBIEREAN 7 I VA —FTHE I EZRBTBE, I VA -5 OYEEE
REZERE U DT IcBRR R & £ ESkikREITo 2 0B i k%
i, AV REREEESAREHEEEE L TA 5,
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(1) Y o F U — BT o TFORBFEN100%TH 3,

(2) TREMENEIRTE 5,

(3) BIEBRICH, HBEERE LCoOEHFMRERELE T 3800

A,
COEUTTUTOL S IKHERETEET 5,

P(Ddt : [t=0THEEDOHERICE -TRY — F L, BRKBEHLE ORIt
MIMICIE Z ABRIC L - TRH BT8R

Py (1) : 0 CEBOBRICK->TRI— ML, MEDT 5 LEZNH
EIRIRETIC Rk 5 iR

Pd(T) : [t=0THEBEDERICK>TRY — F L. FEERTENTED
FHRAFR T b HHEH]

Cdt, Adt  : [TESEHEBDISRIANIC S o ¥ AHS & - (BT BT H%
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BRRIAICIRE 7035 v T ABRIC L - T D BHESR]
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6.2.1 [EEEErRIRREAES (ST

BeEEsR (RIRR) AR . BEERANOREMRORBWeEELRE LTWE, JOERE
T HB3EEN Ry — b HEFE ELTGEIND L, BIZROROFZEAEIT 1R bv 7
HE) LLTHDYTOENE, IO TRMy 7EE 3HSF (RF—-FHF) LD IO
B E L DIET, 0L REEHBAHROMD A, THHEISHMEET (STA, Single
Time Interval Analysis) | &FESR®, ZOFEITEFED IV RLUTOEEMEEORAE R
MCS (Multichannel Scale) HIEFICHWSRTWS, TV FLER (F/F/90R) xXflL
T BTV U AHROMETFEEIR WAIBHTZ 20T, IREAEROIL'Y

Py(T) = [ (C-T)"™}-exp(-C-T) (V)

ZIT CREFD/OVAORERT, NIZ TRAF—MER) & TRy TER ORICH
AT EREROHEERT, B6 ~ 1 0 5bdhd kS ICHHEHFMRIBAZT TIRNIEZ0E LTRA
[E&e #E-T ROV K D ERFROBEMBERIISEA ohs ETEOHIEER (D),

Py(T) = exp(-C-T) (2)
THSRN TIRICEE T 2R E L TIRA BENMML B,
Po(T) = 1- exp(-A-T) (3)

ZIT ARE-IBEEICBIABERECEETHD L D UHBEREMTH 5, INoDHE
RAEFEZIE, BEERSHEAY — P ERICL-TRD LD cRINh B,
P(T)dt = 0t-{1-Py(T) }-Po(T)-C-dt+ct-Pp(T)-{1-Py }-A-dt

=0t- {1-P4(T) }-Po(T)-(C+1A)-dt (1)
—H. 77 LBROBEEERAMISIRATEL o5,
P"(T)dt = oty-Py-(T)-C-dt (5)

XL GRLD . BRNICHERBRSHIIRO X S ICERE 5,
P(T)dt = P(T)dt + P"(T)dt

= Py[0te {1-Pa(T) }(C+A) + ¢tp-C-exp(-C-T)dt

={0(C+A\)exp[-(C+M\)T} + 0tp-C-exp(-C-T)dt (6)
ZOREBWT, F-HHIEBROHEBERE T VI LERLCKELTED. E2IHER
T v LEENHECTRET S, CIIKFELIEHESE LY, 2F L LTREAD
FiL->TWE, WINOALIBHEHTHERINTWEDT, HEERL T VI LERE
EL o LRSI S I ERBRETIRE N, RICCAEIT i Lichi- THEIFDEND
Fo I —IHD A QIR BERIEREICHEIC L 5,
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(6) ITE D BHRIFRRREITE (ST 23V 2 ARWTHRIEL TAl, ZORE%E
6 - 2R,

I ITHE STAEREThRFIEND? R @) =2 *Po (o) = BZ I thk 3 5 fHEAERICHE
M5l ezEA, NHMRELTRE2LMZLD YA LARS MAEER LI, &L
TR DFRHEMICEE Lok S i, HBERIEEE0. 2cpsic & b 2FEEE50007 77 »
PMIZHWIATED, QTS 7 LAHEETEEL0. 2epsic. D) Tid(a) D 5 EHADIeps &
L7z & ZOERRSROMRIETH 5, K6 — 2 DR E OXfd SHHEROHED 1310
UBBOSTHEEE L > TH B, ERIOAIDE X312 (b) & bEMSHGED S D T
2 TWa, @WEMDOEBNSEFNSNy 777 RELTOTZ Y FLHEBOMME & iz,
HIRTHW2S VY LABROSHEBORRIIZ LB - TED, YAMERS L W) DFH
MRESB-TVDB, QODEIITT VFLEREENDLEIVE ZE, HESELHTHD
SHHEERNODT VvV LERZHSOELFZREBRTHD. Bon 2 EHEERES B2 ¢Po
DEZEEHIIEI LI - T B COZEFOOEMNS BEITH B, HIBEIHE I
BT, @TIRCLA=4T8[1/s] &7 B2+ A~ A EFELUTEEZMOTHY, FE_IHH
TCHVNXL BB O>NTEHICE S D THH B, EELEC =0TOERIIFUEET
Ho., CHEROEEESED., ZOSTATL BB COEFSHHEEET 2NELD B,
CDI&ICD\WTIE6 3. 3(VIETHEERT 5,

PEROMCS PTACHEFH O Fan BESHERE DT ZTOSTAEICESWTE D, K6 —
2@, MrodbbhdEI. 707 LERHROERRGOELDEERE LWL X
TFBHE LT, HOEL D HEL RBLONTV AN D 5, JORTOBEBKRH I
YA — FOEEHECOWTERL L - TiTbhY

K6 — 3 IR S M EEICc 5 572U (ThRFKBT 3) SHEEE,h OBy v
FlL—va VHRULADODEER T 7 4 V%, FHELEICK - TH000nsec £ THME L 7285
AR bR T . EREEN S b FEINAL IS PV, EL LT 'PosR
DEIFMRT & TOMD aBEBRHRD/ Ny 7 757 v PG D 2 SO MO
LRV IL->T\W5, EROLEBHERAHEN O, v 7 7F 70 FlSZEZELFIWTES
N27ALRRY bV, HFLH PoDADEREIHOLTHG -~ 3D @) & D) THHMS
KR BEBEFEEETR LTV, l6 -30@ & OohEMs dbhaskd i, 58
ROEIMIE T, Ny 7 757 0 FESOAENRICE - THE D MERSIVDLIWES
IR S D & 0 Z IR HHABR S REEICIL B T & tbin o foe SRODERN O, BiE
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ErmIRFRART (STA) L O, WREFHHEOMELTI & 2T, ERLTF -7 EEBORD
7 v 7 LBROER T B RER CORBHEOMENLETH 5 I Lbvbh -7, <A
7 aiAd — ST ORKHEGHET — & ORELINL T h O ORENRI S hWIBANE
W, CITHRET B I U B — S OBMEROBEAEIC L, BT IR~ 3 5 HHL
EIfEAEE T BT 5 &Iz L,

6.2.2 Z ERFEIRERAZRT (MTA)

S ERBEIREN MO Ch0Tik. bLHBESRN Txy— MER) & LTGRIENR:
EE, —ENEPCEIZERSTENEE LTHRBMBEHEL, AFceTo, Ubriz
DWW TR AE Ulc O 22T L CRBBERO F — 7 £%E L. BEx7 L
85, IO LTHOoNKBEARS MLEOIEHESRLES LV LESERRILL3 LT3
FMETH 5. K6—4 TiE, MAEE & DFHLCHEANBRDIL, TNENDRSY — PEK
b L OV ROFRER —EHIRRIERT E TOmER L2/ 4 b &, MBI 4 >OHE
REDHZER->TWb, WAL ETR. 27— MVERIIIEEES I BET 5 HI UL
AERELTBD, DRSS VT LBEOAEIE - TWa,

(MDJFE, RF— b RH)SHEERTENRIC, MOt TRECHEBES 1 FE
T 5, CORRTIR. O SEREZTOS V& AEEA, X7 — b EREEEESORIC
ADEBB, #-T. I I TOSERREERAHEMIIRATEINS,

[P'(D]adt =) aPe(T)-[1-Py(T)]-A-dt (7)
A=0

FEROHEE B) & (O LBEATZLUTD 2 >0XM B LN S,

[P(T)]sdt = a-Po(T)-Pe(T)-C-dt (8)

n=0

[P(Dedt = 3, arPo(T)-[1-P(T)}-C-dt (9

a=0
CET@ORIEED[1-PaD] Hexp-A D EHD . 22— br UL BT bR 51
ETHbo T Y LERRAIL -TRI— } L D) DBE. BEERAHERLG) L
ACALTHBH, I STRHOMIINEOS » 5 AEROBALER LTL 5 SR -
T3, Liti-TEHREERL TRRTESN B,

[P(T)lpdt = > pPy(T)-C-dt (10)

n=0
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(Ms AN RNETEE LML, LEFRRAMBEHARD o, EhRRATERINS,

Pi(T)dt = [P(D)]adt + [P'(T)gdt + [P'(T)]cdt + [P(T)]pdt

=Y (CTY"™exp(-C-T)[cte(C + A(1-P4(T)) + 0p-Cldt an

ne=0

o, wro—U VEBRICKY. REFEDN D,

exp(CT) = 3 (CT™ 4

n=0

QR AEUDNHIcHEHT A &ickd, KX LS ITHEICL 5,

P(T)dt = [o-A-exp(-A-T) + Cldt (13
ERIZELNBBE RS Fbid, 2HEENE UDRcESTE &k, kL LTE
L b,

MP(T) = M[o-A-exp(-A-T) + Cldt (14)

CORIE, BEIZ2 >DALDIE>TWA, F—IHIHEBEERICHK L. HEERORER
F 72 I SEBERE R OB KEL TED . E1IHR S V& LTEERICOAIRELIE
HIRLDBRDIL-> T3, ()RICEI L EHMARAN WD KX 2BRERSHO
EHEE LR L0 GE -5 (@), W THd. ChodENG, WKW THEL
SRR T 32 PoDIBE E R IE » 7 BEMEABE IC A TE D 1. 5B Lo R
TRKELHMBOSFENE OGN TS, 7V 7 LBROFEREMEBREOHN L T
HBE6—5@ITBVT, BT VY LERHMEOELISRESTHY, TOHAK
% {155 (h) I B L CHEBIE R OBLE U /AR EDEFEE S 185 MM TH B,

H-T, TEBLEYT VFLENRR Sy 7757 FNEROHBREFDIED I EMHFE
LWDRESETHHEN, T V5 LAHROATIE, MAOHFIRW T3~ AHEETHV/ LD
i, KER—EOBEMRAHEB TS o BT ¥ LFTHERODITN0. 2eps) ()
KHWTIE, 2. 50 oEERPRIC, 0% EOFS25Z 3BAT v 7 LEREIL. AR
TH LS IN=1EDATH Bo L LENRST U7 LFHEENSEFIEM (lops) T5 &,
(b) ICESNBLSIz, 25 oREMIEAIIN-M4EE TOERNI0% 2 LORRFERS /I
HE5T2LEEbONTVS, WFRicHE &, BIETCHR~7- B HERMEAT (ST Eicthi
LT MTARIKSERS & B ORI & 5 BEAER L TR G725, EEROADALTE
EAVDIE Y, BonSHHAEREED T — 7 OEBEEEH - MNIE 8 5,
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6.2.3 FERER

EREICOWTIE, BHCHRERAY Y1) THBROTERT 5, T 27 LBROHAIF
ELT, W6 -6 P SOBEERDY v F L — a UL AHROBE-RRR Y Ml
ZRY . 1 "PoEEHIZ1388 L ISRIERORAME2. ST L TREILE W, EE
HRICORTEHHHERBATIRT VI LERE LTRbON S, - TESNAERZADR
TEREMERARWE &, FLEN6 -5 0AETH B EEANEL . FREIABZ LS
IC—EEDRAS R TS TV 5,

Bl U2 PPoBHRD Y A L7 7 4 N STAETERIT Lc L A O XKRUR 6 —2 () »
oFEIN/c K DT, FHEROBIHE D BB DOKEA AR FLERLI,

—7. HEAERESTHIE LT, 20U (IREEE S BEHTEEREICS 5) BEANN, G
BonfcHARS PVERSE — TILRT, JORNS T V7 LAERHROKERE (S
Lt VISR EEER BROIEH TRV T 52 PoDR A S MNIFEDH O N B E
BB AR Y PSS &, KEESEZLFIWT I OEFMSOBEZRDIZL T
A1503 UROEBHICHEYSLTED, DENSTFEINAI I PoDEEHZDO LD
THBIENGh -7

DX D ENIAIC X BIFRARA R PL, RUB—IHOBRWZ K D 2FHEM, £ 70 idflEk
Mt SHEERR o HEMNS,

V- . (15)

tm

S U LERESE SNy 7759 0 FEHEECIREBE AR ML OREBBRIRBIE S ICEKES
AEKERSOEXHMISKRRICEDEBICKkH NS,
c=Ha (16>
M

CIT 3B TH B, COFED 5 bRFTEMIDRTHEDIEVE, Ny 775
7y RHEC L LTHNSNELRBEILEARTS 5,

PRRUEEERD O RRD - M HEERH R o OBEBBARE, 1077 TETEST S
CENERERLDB LN, LA LD HEBOThWRIIREORMERREZEL., 49U
HHEN TR VO TLENBFERELIERL, TEAKEF M RaDAL LTHOHET S0
DEE LW,

COFEPERTEAHES LT, 2Rn(a) =2 Pola) =i fTd 5% Ra, *2%Th,
22PRAIS EORMTEEA D D . BA T TIKENBRFD 2 5 OF%HE O RS T AR % 2-MTA
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TROHTETWS P, EFLP2PREEBIFIIBEVWT, Yo F -7 7Y 708
Wil TRl POREEA Loo, BET 7 A LEERTIUE. 22 RaD EFESRIED
2MDEET CTHITABTHA D, TOHENIR > TNEDHEY v FLb—varho
5 L 2 ERAAEDRIGEY RFLEELDDH BT,

6.2.4 MTAZEOBHRBRRIZOWVT
MTAFEA BRI RREISHEREEES (P U T LR : 22 %Rn(a) =2 "%Po(a, 14bms)—>, 77 F=
7 LFH P PR(a) =2 1%Pola, LToms) = R T =T LRF]: PEr(e) AL (e,
32. 3ms) ) DHEOREN L EERNEN L T2 EROERIHHREICAZ {HEE
LTW3, ChoDiEEESREEMIIEUEERIEEIC > W TTIARORILRA = HEE
FREF, (= HEFRH] 7 [RINOLESEHK] ) X DML
MTAEOBRHBR I, ZOEBRRIDZHVWTROIHIICEFEINTVS, TbbL. H
WO IC B SHEBEEROHEN, Ny 7750 v FERHEGEREZLI D KEZ VWL &
BRHTIEETH B ETBHDTH B, Vw7770 FNEROELEREL LT
o =+ Mp-cdt (17
Mp-c-dt + - A-di-exp(-ATi2) 2 Mpc-dt + nv/Mpordt 18
C2T c=(l-a  XMp/Tun 1=2& Ly @ J22WTUB)REML EUTOLIITIEB,

5 -16+V 162-4.Tyy 10>A2.dt-(-16)
2. Tm10%22dt

C DR D BRI, & EERRAET o OBRETD v b Ll bOXE 6 — 8 TH 5,
= DR R A0 B IHRIC T 3 BT A KR LI 5 0 E 2R L
TWBe Frbb, BEEMAK X E ERETERENLLD C E WS 5.

£7o. (IDROBTHS | >OBBAOEIICHT 3 a OB(LETFT v b LI0HE -
0 THB, COLIRUEEILS BB, RIUBRNKAZ (BT BT END, dERDE
IICTER L7,

dt = (Fix Time] _IX 10 - T2 X10 (2m
N 64 In(2) x 64

o

L)

bbb, BURETH Hdtd. BITHEEETH 5 THBFix Tinez7— BN TERL
bl THEAZ NS, T I TFix Tine2HBEEEOHNEEOFEEGOIESE L, i
ETFIEOFT—7EE6E L LTUESZEY
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6.2.5 FEINBEBRITET B MU 7 LRI QRS IE LR
HEHEMBEORER COREBEF L (B &} RFNTAVF-—OFREIMCL 73
D AR OIS S DR ICAET S IREE S & OBLETHRRILE - TE TV B, EFMm
DATHEEMBEDET I & U TORAKBEENE R BERFNEERL TED Y Z LR
ZonTid, FERAERCHEHESR /7 2 22 P HEREHZH O 'Ph? PoicF L T, i
Tl & OB « IEEFHIKE SV ERAANEECRINTVS, LALLM S, bYW
LFRFHT DWW T EEE LTI 7 VRS IAERIBEF LTV 5 0D, **2Th* Th
DIKEEI A EA S 1 DRI DO HEITEEEICE L TRADFEANS TV W, FEED—
BLWT 7 F 2T LARINCE-> TR, REBECHEN S, 2 LT ->TIVREEFHN
FARSNTWIEWRIHTH B,

COWFETIE. ABEEREEERE LTHSNTWAENERRICOVWT, BARLATIA
EERAWT MY 7 LRFGHEDA? 2 Ra(a) 2 *Pola) > DEFRBERL NBIEEEA T
HIE L. HAEROBIFEEHEZE . AL a AR ot b H SRR T
IZPPTACORE DR TE I,

FNBRANZREN SENITiR > TIEA BN L 72 HOEFHRITHE Y, HKEOR
B3 RIE (No. DICIBNWTISC pHL. 3TH » 720 KB TEBRIIBRIHIREICHELIBD.
578234 IR CRERS EiEES o F L —7 (Picof luor LLT) 5omd%RE LIER
k& Ui, AIEEEBRIE Sy 7 HBOBEY v FL—a v #7709 (Aloka LSC-LBL) TFT
W, SV RIBEIERZ B Sares MCD IS TES AN Mgt L, B LF—Bsr%
BEL. MLLARA SR E LTS IVIER L Ao —H I V=D 2 —JUT AT
LT/ OV RBEERRIZ /S O3 AT YIS 5o TO/ VIV ARERET 7 1 V% b &ICK
BRIRIER 21T o fco 1 LRRY MADT 0 F LV RARDKERS I LA SR
SPORNEET 4 v T S THEEZETH S, 2%h(a) =" Pola)>ERENIRE 5,

. ZOMIA-TIAR e, BRI Z AR DR UENERKERHICEAE LR, 22°Th, *2*Rad

BEREZHE Ui, £, BRRIEBYTOMMEEIISERE y A7 bo A MY &{ESEE
HWwiag A7 bo A MUTHEL

FALANRY plldo b U7 ARFIEROEBEER (C*'Rnla)—>"""Pola)—) DAMNHE
RBENFDOT, K6 —10iTRd & 5 ICEERREICE U T C OHBESEREBOE/LZEN, **'Ra
& PPPThDIEERE KD, #2 FRBEBRBOTINEIC X O E UEE/KBO 2 RaEERICHR
Hlie ChoDHEREZDLICELDTRRLADDOER 6 — 11T T, ZORIK DIKEMN
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ET4B5TFRICIEAIZO>NTRaMThE O ERWICEREBRY & LTRESNTEY, dL3t
AMESICRDAFNTVE D 2R TE 1,

6.3 TIAEDHE

6.3.1 TIAEDSHROEMIZOVT

HERENITE 32 13 ARHED B LIS R 2 EE NS BIET SR TV BH, R0 S DRIESE
B METF AT 52 2 &k - T, BRENE (L7120, TRETRARKEINTE
FIBARE, SOBTEOREICE L TERNICEREBL I ENTERZ LB S, 201
DELTIITHELTERREY VF L — 2D 5 DOREHBERED L ZOERERIRES T
EPFEANDHEDETF SNL Do Y VHEW L RENHL (/B4 —F) . hotkHR
L1005 1A W, 7OV A DESREIFREFHT 2 DIIHRTS 5,

EETi ol 2oBEERsmcd LT, BHRERERSEST ST &é, SEREER
At (MTA) AR EELTE, 7 VY LERBEROT T v MB7D RIS, HEAEROEE
EEUCES BB s L TRET ARV EET S ETE SN BN, STAVE & HE L
TEBEOHWT — 7 2185 Z & 2 ERIENCEERINCIE Ui, By v FL—va vy
ATHUE EMTAEOH A, BA(LEAMEER TSI &Lz, 3 UPA — Y O
HRET A REOREERICSHREH I N THERELDH 5,

Lo LIsas o, [CP-MSOHERIC & D EHEREZ S MlEREORBEN S H L E O N
225358 TIAEEEDBEHERIEICE D AMFORME TR, HENEEEHES
WERINIC L FRBRENEAEHEER S Db, | 2DITEATHEH D, COBRESNS BHK
VUEBRWAMEERIES R E DHEBBBORREEES 4O TV, b, HEQEEMY
SERIC XD BRBEOSHI R TH D MHEEZ O LOE, kY Y F L - HICEE
LTZDEFMET AAHENEESHINT VS, JOEBE. TEA72HN a lEHED A
EZRELELD ET BRI, MeDowel | SIS X > TREINAY o IFEMEER WV B{LESHE,
K6 — 8 TORIMBAZRTHEEREAR EISIETEIELIEICHEILTED.
BonAHEEEREICHEOLNABELDULA BB ENBRICHEETE 5, EiMclowell S
B BEYF L= a o/ LR —vina d BIRTRIELA I EEFIRL, 2RI
B8\ o FEHEUE TORETFRIE IR S T UL R 51E (Pulse Shape Discrimi-
nation, RATFPSDIE&BED) VAT LZEIERL., FIDTHREY »F L —FFTEHEET Sa L B
BORBRIEICRIT LI
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6.3.2 sYLRKFHBIEOREE!D . 19,18
6.3.2 (1) WEYUFL—ar OFRNHEE

BiEy v FV—2a yOFRER. T (DGR & OHEEERIC L DBES T I .
RIS, QBERSFHERITOZRVF BT, T LTQBERESTFOHSEESF~DRIL
FoBONEID. OBELABESFIRBET ABIECS (™6 -12) .

BHE. by v F L= Brrx ¥ —%2BRT 5 LiRe BETREBICHEEIN DD, N
Bl (B2 ELRVWER) KX DpsEBETEVREREN S SHREANER T2 (K6 -
13) o oI, BREISRE = R F— 205119512 GEZORFRIEHRELRT) 4 &
DIRFER. EEOBTLHEHITLVWOTHIZ DR R ILF -2 EEFEIIC RS, #-T,
FEIHTEZ AR EOEHRICSIGREDRIE S FEEKT 5,

FELY LF V= g VRIZTOSIMREN S ERBTFREORENAEMER I X - TH
Y onBHIFREE C-31sBE) THE, LALUENSE L DIEES, ERILICSHIET 3E
G Rl S, 2RISR v F L — v a Y OBORS EBVRESD 2 D
DIEHRIEOMTIRIERT T EATES (®6 —14) . EFRIEE. VU7 Ly boEk
B o REEBZET THAE Gl LosfER) K -ABEFVEUBESI T SUREC
Rah, 20X EFOEHNE L TER LA ELSIIRET S,

Y F L= a YRBILEUENC

I=loexp(-t/ 7). (v idiEERERE])
THE B, COREHERY VFU—FICBRRETHSD. 1 223 LIRS, AR
BHUFOBRICE>TRIE-TL 5, THoDBEVEHNELT, BEANRBTOIS,

&&Z@),v&%u~9ayNWXﬁ%

YryF b= a YERIHEWAETREEOBBITAERT 2 EBE UL X OER B EEIEE
DEFERNIRTF T B0 HBEHRICHNTREITHEROBE, /U AORVELYSHEVS
CBWESIKAVWOh, BIFE/ VADSEEEEN LT 5, BERBICHATNSIIBE
BOBE, SETHEPHVHEROEAICHWShAMN, »ULRDOE & SiRsE st
oo BBEEEEE{THERE ~160X 51K b, Eie, YFL—v s VERITL-
THBIET 2B TEAFRD & 5 Ik T 3,

1(t) =ip exp(-At) ' ©4D)
SIT ARV IFU—FORBEERTH 5. FIHHER v 32/ OVRIThIz- T3 N
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feeEmQERWT

Q “[ i(t) dt = iof exp(-At) dt =%LQ (22)
LichioT

io=2AQ 23>
Zh&v

i(t) = AQ-exp(-At) (24)

—7. WHRCEEEEFNHEiR 1(1) BCERNLER ic LRTHENSER ir OWTH
505

i(t) = ic + ig = C'd;[’(t) + V}({‘) (25)
20, @=Ly
YE(? + \_;%l - Lg{exp(-er) - exp(-AD)] (26)
CNEFEASREV0)=0THEL &
V() = LA fexp(-60) - exp(-10)] @D
CoT O=1/RCIIEROIFEHTH S (X6 —16) »
1) BEEHEASRZWES (K1)
CNRIIRD XS ITELUTE 5B,
V() = %[exp(—ﬁt) - exp(—lt)] (@8
ERItAVhX L&
V(1) = %{1 - exp(-At)] (29)
BRIt 2 WIEAITE
(30>

V() = %exp(—Bt)
Tibb, 7ULADILE EROEMERY v FL—YOBEFEH A THRED., 7V RORER
FEARDIEER RC=1/0 TikE 3, /. "L RADOEKEHFIIEICQ/ CTELLNS,

i) BEEINIWES (83 1)
CNRIBRDEIITIELUTE 3,

= 2. Qfexn(cAt) - exp(-
vo=2 C[exp( At) - exp(-61)] (30
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BRIt AVNS WS

A" -_"zl--g- - -

) Qche@wm (32)
R tAR 2 WA

vio) = 2L exn(- (33)

() 5C exp(-At)

TRbHL, /L ADILSE END FIEROKER RC=1/6 TRED, IV ADRERRY VF U
~ 5 DFHERTRE B, SAVADERESE (176 - Q/C) THASh, 6> 101
OEFEHORZVEEDQ./ CLD HIEAMINELIESE, LI LIV 20O FIER
2L D, ZORRBAETFEEE TEONALBROMRIZES {,

6.3.2. 3) BEABE (L5 bAYD BFEFREIER)

EHOREBERICMA oNABHEM B OoNE/ IV REZEDILL ERDHINCOAE
ROBRIEBEDRREEA TS, COULENOBAEHAVT IV REREIT B,

B b—REI SRR, 2L X% CR-RC-CR BFEIER© _BHE BTN A Ed o
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#7-1 PSrDERE TR & EERE

£ | & T R g =
(10** Bq) (10** Baq)
b # 3 mFEHR #ASE JFE RO OW R HER2E

1958LAHT .68 2.37° 9.05"  6.29 2.2 8.51
1958 2.33 0.95 3.28 8.44 3.11 11.55
1959 3.89 0.68 4.57 12.06 3.70 15.76
1960 0.97 0.62 1.59 12.73 4.22 16.95
1961 1.30 0.54 1.94 13.69 4 18.46
1962 5.34 0.98 6.32 18.65 5.59 24.24
1963 9.70 1.14 10.84 21.79 6.59 34.38
1964 6.13 1.56 7.69 33.96 7.99 41.95
1965 2.86 1.32 4.18 3.15 9.10 44.25
1966 1.21 0.77 1.98 35.48 9.62 45.10
1967 0.62 0.41 1.03 35.22 9.81 45.03
1968 0.72 0.38 1.10 35.08 9.92 45.00
1969 0.54 0.52 1.06 34.78 10.21 44.99
1970 0.76 047 1.73 34.67 10.43 45.10
1971 0.70 0.56 1.26 34.52 10.73 45.25
1972 0.2 0.35 0.67 33.97 10.80 44.77
1973 0.12 0.11 0.23 33.23 10.66 43.89
1974 0.45 0.14 0.59 32.89 10.55 43.44
1975 0.22 0.13 0.35 32.30 10.40 42.70
1976 0.10 0.08 0.18 31.64 10.25 41.89
1977 0.30 0.08 0.38 31.15 10.06 41.21
1978 0.37 0.07 0.44 30.78 9.88 40.66
1979 0.12 0.04 0.16 30.16 9.70 39.86
1980 0.11 0.04 0.15 29.54 9.51 39.05

FIRRAE 4.6 14.41 60.27
REEA
SR 0.18  <0.01 0.18
(10* Ba)

19805 2 TO

E A & 46.0 14.4 60.4
(10*¢ Bq)

*1 EEE»SDEEE
*2 19795 7 AEFRTOERES» SIEE
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#FT—2

POSrfE T EOBERIST

T AONEHTit%
aEE BTERASRE m o SHEESED  Aosw ggggggég
(10'* Bg) (10*m?) (10° Bgm-?) (%8) (10° Bqm™3)
o =
B0~-30 0.10 3.9 0.26 0
70-80 0.79 11.6 0.68 0
£0-70 3.29 18.9 1.74 0.4
50-60 7.39 25.6 2.89 13.7
40-50 10.16 31.5 3.23 15.5
30-40 8.53 36.4 2.3 20.4
20-30 7.12 40.2 1.77 32.7
10-20 5.09 42.8 1.18 11.0
0-10 3.57 44.1 0.81 6.3
& & 46.0 100.0 2.14
£ 3R
0-10 2.10 4.1 0.48 54.0
10-20 1.78 42.8 0.42 16.7
20-30 2.81 40.2 0.70 14.9
3040 2.76 36.4 0.76 13.0
40-50 2.8 31.5 0.85 0.9
50-60 1.21 25.6 0.47 0.5
60-70 0.67 18.9 0.33 0
70-80 0.25 11.6 0.22 0
80-30 0.03 3.9 0.08 0
& &t 14.4 100.0 0.54
wRSHEH  60.4 i) 1.96
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£7-3  HAPOHMEHERSTY & KRR EREOEFRE

(Ba/l)
Year 905, 137 s g
1965 0-35 0-442 39
1966 0-20 : (:343 33
1967 018 0-220 34
1968 0-15 0-170 42
1969 0-12 0-052 46
1970 0-18 0-097 36
1971 D-15 0-121 40
1972 0-18 0-124 40
1973 0-12 0-239 33
1974 0-15 0-110 48
1975 0-09 0-090 44
1976 0-05 0-060 43
1977 NM 0-060 38
1978 NM 0-065 41
1979 NM 0-049 43
1980 NM 0-020 43
1981 NM 0-015 45
1982 NM <0-007 44
1983 NM 0-010 43
1984 NM 0-070 38
1985 NM < 0-007 53
1986 <0-005 0-420 66
1987 <0-005 0-120 36
1988 0-16 0-120 33
1989 0-01 0-110 35
1990 0-01 0-130 49

NM, Not measured.
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&T—4 H & B ORETHER T ¥ & RAETHEREOEITRE
(Bg/dier)

Year Psr L97¢s K 219 pp % Ra 221
1965 0-205 0-300 24

1966 0-089 0-080 46

1967 0-167 0-070 43

1968 0-072 0-100 61

1970 0-088 0-037 65 0-068 0-049
1971 0-205 0-163 67 0-10 0-055 0-037
1972 0-103 0-115 71 0-08 0-118 0-106
1973 0-104 0-031 5t 0-05 0-068 0-067
1974 0-104 0-098 54 0-06 0-083 0-068
1975 0-085 0-020 32 0-13 <0-019 <0-022
1976 0-059 0-026 52 0.08 <0-019 0-075
1977 0-070 0-043 46 0-07 0-040 0-107
1978 0-060 0-130 38 0-03 0-023 0-081
1979 0-090 0-039 30 <0-019 <(-022
1980 <0-005 0-010 71 0-030 <0-022
1581 <0-005 0-010 61 0-035 0-073
1982 <0-005 < 0-007 48 <0-019 0-050
1983 <0-003 0-020 58 <0-019 0-130
1984 <0-005 <0-007 30 <0-019 <0-022
1985 NM <0-007 52 <0-019 <0-022
1986 <0-005 <0-007 46 <0-019 <0-022
1987 NM <0-007 54 <0-019 <0-022
1988 NM <0-007 47 <0-019 <(0-022
1989 0-036 <0-007 61 0-035 0-070
1990 0-016 0-020 67 <0-019 <0-022

NM, Not measured.
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8 £&®

AFEMES 3EHEZKRDLD . BFBEEOETERICBEL T, BBRETO—BEOE &
DEW LKA, HEE UTED BiF 7o, *H, " C. *®Ni, "%Se. ?°Tc, !27- !2¢
BT URFL 297Np, %0, PPy, PVANTH B, BRI, BIEAE S TEEH LS8
ELZOROBHEICFYTERA L ENTE S, BEKICBE L TR EE, [CP-MSITE
BFENRAR SN, FEPIHTELULO SO TR, HROMETEENIEIC L LT s
BRIENED B LI o T, MSIIBFEEOEVRETIIS 20, EEORIFICY: -
TRIFELTROTEN S 5720, HEHEAE L FREOHEHLZ A NE L S, EAI
LT, FRICHELGHENERINTVE, T, WRELABBOBST oM
EXBEHTENDTLH 20, AFEEEZE B DML VB bEER LSS, 1K
UGS BETEURHEEE LTOBRILENRAT SNENETHAS LELNS,

—75 . BRARBREY A 7 VOBMAENNTE O, Bk 1 7 VEREOE EEgE
DEREFHED /8. BRIFFEHE FILD/I5 4 — 5 DIFES LIF 2 Z &N BETH B, F
METFNNRT A= ZERENTRDS 2 & bAETH 50, ERENTTORETHEID
ZILHHEBTH B, REEHFTOD/NT A — 7 FED /I 3B EER I ELET 2 ¢
MEBOMEZAV 50, SRENEEENNELLD, JOBKTER, L) —BoRE
OEAVEEND, FHATIEIMSOM. HKEHFEHE TOREOHFETH 2L BRI
AR IS E 2 E L DTV B, Eho, RERIREORETTOSFICLEFR L. 12K
EHERE, RABSEREOETE., BEHE, REO Ay /7590 FIZETaHE
=8,

AREFROERTICY /D, THHBEVEGEE I OBEEY THILEE L EF2 &
EHIT, FREFVEHETERINE L EE2EL HDTH 3,
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